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Preface
ILRI was established in 1995 with the mi
ssion to help reduce poverty, hunger and
environmental degradation through livestock
research to enhance productivity and
sustainability of agricultural systems in the
developing world. Five years later, condi
tions at the start of the new millennium
present extraordinary opportunities for ILRI
to accomplish its mission because of an
unprecedented expansion of demand for
meat and dairy products in developing
countries, which is accompanied by tremen
dous breakthroughs in science and research
capacity.
With new research-based innovative tech
nologies and new enabling policies, small
holders will be able to produce more food
and food of better quality, earn money with
which to buy food, improve their food secur
ity, and have diets with micronutrients that
will enable their children not just to survive
but to develop to their full intellectual poten
tial with sound and healthy bodies, able to
contribute fully to national development.
Their livestock will be capital assets that they
can use to protect themselves against
calamities and keep them from descending
back into poverty.
However, this will not be achieved with
out research specifically directed to meeting
their needs, as expressed in ILRI's mission.
In 1998-99 ILRI undertook an intensive
review and priority-setting process to devel
op a strategy to 201 0 that would optimise its
potential for achieving its mission. As part of
that exercise, this paper was commissioned
to review the external influences that would
influence ILRI's options and priorities.
I am indebted to Hank Fitzhugh, Jim Ryan
and colleagues throughout ILRI for their
support, critiques and innumerable sugges
tions and comments. My thanks also go to
my colleagues Susan MacMillan and Helen
Leitch for their valued contributions to devel
oping my thoughts on the role and functions
of international livestock research. However,
the views and errors of com mission and
omission are mine alone. I owe a special
thanks to Helen van Houten for her careful
and patient editing, and especially for her
persistence in getting me to break away from
other assignments to complete the manuscript.
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1 Introduction
Driven by an unprecedented expansion of
demand for meat and dairy products,
livestock production will rapidly increase in
the early decades of the new millennium.
This rise in demand will come almost entirely
from developing countries, as that is where
virtually all of the additional 2.5 billion
people who will inhabit the world by 2020
will be living. The shift in population will
bring on shifts in production and trade, and
these in turn will carry their own impact—
reflected significantly in national and individ
ual incomes, in food security and in the
natural resources of these developing regions.
If smallholders can respond effectively and
without degrading the natural resources on
which they depend, this increase in livestock
production will present them with a great
new opportunity—opportunity to have more
food and food of better quality, to earn money
with which to buy food, and to improve their
food security. Eating animal-source foods will
also provide the micronutrients that will en
able their children not just to survive but to
develop to their full intellectual potential
with sound and healthy bodies, able to con
tribute fully to national development. The
livestock these smallholders raise will also be
a capital asset that they can use to protect
themselves against drought, inflation and
other catastrophes and keep themselves
above the poverty line.
However, as demonstrated by the past
rapid expansion in large-scale industrial
systems, there is no assurance that small
holders in developing countries will be able
to participate in the opportunities for in
creased production. To take advantage of the
growth in demand, they will have to be
competitive. They will have to be able to
contend with the capacity of the environ
ment to sustain fodder and feed productivity
and absorb waste products; they will have to
be better able than large-scale industrial
units to avoid the adverse environmental
pressures that arise from intensive stocking
rates; they will have to have access to feeds,
fertiliser, chemicals and drugs.
To ensure that smallholders will be able to
contribute their share of the quality food that
the rural and urban poor in developing
countries will need, and to sustain that
production, they will need new research-
based innovative technologies and new
enabling policies. Without adequate research,
it is doubtful that the equity for smallholders
and the high environmental standards that the
world desires will be able to accompany the
expansion in animal agriculture to 2020.
This overview of the demands, constraints
and opportunities facing animal agriculture
in developing countries sets out the issues
that are influencing the international agenda
for livestock research for the new millennium
and, in particular, the International Livestock
Research Institute (ILRI) strategy to 201 0.
Why livestock are important to the Con
sultative Group on International Agricultural
Research (CGIAR), to which ILRI belongs,
and why ILRI is embracing a new strategy are
summarised in this review paper. The review
of livestock issues relates to the CGIAR's
commitment to alleviate poverty, ensure
food security and conserve the environment.
The main features of projected trends in
livestock demand, production and policy
environments to 2020 given here indicate
the genesis of the urgent demand for
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enhanced international livestock research,
being initiated now in 2000.
'More of the same' will not suffice to meet
the accelerating demand for research
products. Thus emerging technological and
scientific opportunities are assessed for their
potential to tackle the problems that hold
livestock agriculture back from development.
This assessment is coupled with another as to
whether the environment for research is such
that the new science can be exploited,
whether perceptions of animal agriculture
can be improved, and whether stakeholders
in livestock research and development will
increase their commitment to research
partnerships.
The paper appraises the key points
concerning ILRI's strategy to 201 0. These
points have emerged from two important
reviews that have assessed the future goals
and roles of the CGIAR and ILRI: the CGIAR
Third System Review (CGIAR 1998) and the
First External Programme and Management
Review of ILRI (TAC 1 999). The concluding
summary of ILRI's role and programme
derives from the preceding overview of
livestock development and research in the
new millennium.
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2 TheCGIARandlLRI
The CGIAR is a consortium of countries,
foundations and international and regional
organisations pursuing a mission to contrib
ute to food security and poverty eradication
in developing countries through research,
partnership, capacity building, and policy
support, promoting sustainable agricultural
development based on the environmentally
sound management of natural resources. ILRI
is one of 1 6 centres that the CGIAR supports.
Each centre has a different mandate defined
by commodity or region, but their activities
are frequently complementary and collabor
ative. This is especially true of livestock
research, because in smallholder production
systems crops and livestock are typically
highly integrated. However, ILRI has the
CGIAR's global mandate and takes the
leadership for international livestock research.
Among the commodities that the CGIAR
addresses, livestock offers the greatest pros
pect for accomplishing the system's mission.
Improved ways of producing livestock can
have a great impact on what smallholder
farmers can accomplish. The possibilities for
improved production are dramatic, as live
stock is a commodity now performing much
below its potential. Animal agriculture is also
the greatest anthropogenic use of the world's
surface—a quarter of which is covered with
grass. Improving livestock production is there
fore a critical component in the strategies set
out in a series of international conventions,
which have been endorsed by the CGIAR's
member governments and the host countries
of CGIAR centres. These include the
conventions on biodiversity, desertification,
climate change and Agenda 21 . Livestock
development is also essential for achieving
the World Food Summit goal of halving the
number of undernourished people by 2025.'
In response to changing demands for
international livestock research, the CGIAR
established the International Livestock
Research Institute (ILRI) in 1995 to serve the
needs of smallholder livestock producers and
low-income consumers in developing
countries. The centre subsumed two earlier
CGIAR centres: the International Livestock
Centre for Africa (ILCA), which had its head
quarters in Addis Ababa, Ethiopia, and the
International Laboratory for Research on
Animal Diseases (ILRAD), headquartered in
Nairobi, Kenya. During the five years since it
was founded, there have been many changes
in animal agriculture in developing
countries, and thus ILRI analysed global
trends afresh, redesigned its strategy, and
made appropriate adjustments in its
programmes, modes of operation and
partnerships.
Livestock and poverty alleviation
In 1 994-95 over 1 .3 billion people were
subsisting below the poverty line (Table 1 ).
Asia has the greatest number of desperately
poor people but in percentage, poverty is
most severe in sub-Saharan Africa. The
degree of malnourishment is correlated to
1 The summit was hosted by the Food and Agriculture Organization of the United Nations (FAO), which is a
cosponsor of the CCIAR along wiih the World Bank, the United Nations Development Programme (UNDP)
and the United Nations Environment Programme (UNEP).
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the degree of poverty, and the situation is
worsening in sub-Saharan Africa where in
creases in food production are not keeping
pace with the rate at which the population is
expanding. In response to this disturbing
situation and to inadequacies in capacity for
agricultural research, the Third CGIAR System
Review Panel (CGIAR 1998) recommended
that the international agricultural research
centres give more attention to these regions,
especially sub-Saharan Africa. This is highly
relevant for ILRI, because livestock are
particularly important for the welfare of
smallholders in the poorer regions (Table 1).
To alleviate poverty in rural areas, small
holders must be able to make the best use of
the limited resources available to them. And
success in making more and cheaper food
available is important for alleviating urban
poverty, because the poor necessarily spend
a large proportion of their income on food.
With growing pressure on land, livestock
will increasingly be valued for their capacity
to enlarge and diversify income opportunities.
They can convert crop residues and by
products, household scraps and forage from
road and hillside vegetation into high-value
food, fibre, skins and hides. Farmers can sell
these products directly or process them into
butter, cheese, leather, wool and other value-
added goods. This opportunity to increase
and diversify rural incomes is especially ad
vantageous for women, as they most often
are the ones who process and retail livestock
products.
About two-thirds of all livestock in devel
oping countries contribute manure and
urine—both vital in smallholder crop pro
duction. They have a beneficial effect on soil
structure, provide soil nutrients and improve
the capacity of the soil to retain moisture.
Thus they importantly contribute to farm in
come. By providing power for cultivation
and transportation, livestock reduce the hard
labour and drudgery of farm work, which in
developing countries typically falls
disproportionately on women.
Accumulating animals is one of the few
ways in which smallholders can build assets
as a hedge against inflation and the loss of
income that droughts, floods, sickness and
other adversities bring on. Smallholders
demonstrate the value they place on this by
their readiness to assume debts to purchase
livestock. Over 50% of the Crameen Bank's
loans to the rural poor in Bangladesh are
Table 1 Regional poverty distribution, 1994-95
Region
Below poverty line
(millions)
Proportion below Household income
poverty line from livestock
(%) (%)
East Asia 138
South Asia 516
South-East Asia 131
Latin America and the Caribbean 164
West Asia-North Africa 89
Sub-Saharan Africa 276
Total 1314
11
42
30
38
26
53
31
6-15
6-15
6-15
27-64
14
2-38
Source: FAO AGROSTAT, as quoted by ICLARM
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disbursed for the purchase of livestock (FAO
1996).
Livestock and food security
Although non-food livestock products will
continue to be important, food production
will increasingly be the dominant reason for
keeping livestock. Despite all the techno
logical and social advances of the 20th
century, in the period 1969 to 1971, some
920 million people, equivalent to 35% of
those in developing countries, were under
nourished. By 1 997, FAO estimated that this
figure had declined to 840 million, equiva
lent to 20% of the developing world popu
lation (FAO 1997). But although there had
been progress in percentage terms, the actual
number of undernourished had not changed
significantly. For these trends to be reversed,
the poor must have access to sufficient and
affordable food of good quality. Unless pro
gress is great, it is possible that early in the
21 st century 1 billion people, or 1 in every 8
persons, will be suffering from malnutrition
(McCalla 1999).
From 1 960 to 1 990, world per capita food
production increased 37%, daily caloric in
take per person increased 35%, and food
prices in real terms dropped by 50% (McCalla
1 999). In East Asia, Latin America, and West
Asia and North Africa, calorie intake reached
2700 calories a day or more. However, in
South Asia food production increased more
slowly, leaving many people undernourished.
And in sub-Saharan Africa, the amount of
food available per person actually declined.
In 1 995, the amount of animal-source food
of developing country diets ranged from 7%
in sub-Saharan Africa to 18% in Latin America
with an overall average of 11%. However,
these foods provided a significant proportion
of the protein in human diets, ranging from a
low of 1 5% in India to a high of 46% in Latin
America (Table 2), with an average of 26%
for the developing world. In developed
countries, animal-source food in the diet was
more than twice that much.
In the 1 960s, it was estimated that over 1
billion people suffered from deficiencies of
micronturients such as vitamin A, iodine,
zinc and copper. In the early 1 990s, 1 .6
billion people were estimated to be at risk
from iron deficiency. Animal-source foods
have relatively a high content of essential
micronturients, such as iron and vitamin B,2,
in forms that humans readily assimilate.
Animal-source foods in the diet also improve
the availability of micronutrients in, for
example, cereal grains. The micronutrients
are especially beneficial to the health of
women of reproductive age and to the cogni
tive development and school performance of
children (Neumann and Harris 1999). There
fore, in the diets of poor people they may be
even more valuable than the protein that
meat and milk contribute.
Livestock can be net food producers or net
food consumers. When animals are fed
grains or other foods that humans can eat or
fodder is grown on agricultural land suitable
for producing food crops, the net food for
humans that the livestock produce is sub
stantially reduced. Cattle, sheep and goats
and other ruminant livestock are net food
producers when they graze rangelands and
steep slopes, or when they are fed crop re
sidues and byproducts that humans cannot
eat. However, in intensive systems dependent
on feed grains, they can be net food con
sumers. Pigs and poultry perform better in
these systems because they convert feed at a
International Livestock Research Institute /5
The CCIAR and ILRI
Table 2 Percentage of food calories and protein from animal products, 1983-1993
Percentage of calories from Percentage of protein from
animal products animal products
Region 1983 1993 1983 1993
China 8
India 6
Other East Asia 11
Other South Asia 7
South-East Asia 6
Latin America 17
West Asia and North Africa 11
Sub-Saharan Africa 7
Developing world 9
Developed world 28
World 15
15
7
15
9
8
18
9
7
11
27
16
14
14
29
19
23
42
25
23
21
57
34
28
15
38
22
25
46
22
20
26
56
36
Each cell is a 3-year moving average centred on the year listed. 'Animal products', using the FAO definition,
includes meat, dairy and egg products, and freshwater and marine animal products
Source: Delgado and others (1999). Raw data from FAOSTAT (FAO 1997)
better ratio than cattle. However, over their
entire production cycle, cattle produce more
food in proportion to the human-edible food
they consume than is commonly supposed
(Table 3) (de Haan and others 1997). In devel
oping countries, where cattle are fed mainly
on crop residues, a modest amount of grain
can increase the digestibility of crop residues
and thereby increase net food production.
Table 3 Conversion ratios for potential human
food into edible animal products in intensive
Californian livestock production systems
Product Energy Protein
Milk 101 182
Beef 85 120
Pork 58 86
Poultry 31 75
Source: de Haan C. and others (1997)
Intensive livestock feeding enterprises can
also help ameliorate the grain price fluctua
tions that cause farmers to aim for self-
sufficiency rather than produce the surpluses
that are needed to feed the cities. Intensive
short-term livestock fattening industries can
help by absorbing surplus grain and keeping
prices up when harvests are plentiful and
cutting back in the use of grain when prices
rise in times of shortage. This was demon
strated during the 1974/75 and the 1982/83
global food crises, during which reductions
in total cereal supplies were almost entirely
absorbed when livestock producers reduced
their output, increased efficiency and swit
ched to alternative non-food feedstuffs (FAO
1996; Fresco and Steinfeld 1998). This is an
attractive alternative to the high cost of con
structing silos for cereal grain reserves and the
necessity of regularly replacing grain stocks
to keep them fit for human consumption.
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Livestock and the environment
The predominance and the wide dispersion
of animal agriculture place it at the centre of
many concerns that relate to managing
natural resources and maintaining good
health for people and the environment in
rural and peri-urban areas. The urgency of
the problem has been indicated when the US
federal government in 1996 allocated US$
1 .3 billion for environmental and conser
vation improvements in land management
and structures. At least half of the amount
was allocated to animal production (Letson
and others 1998). Some environmental
effects are specific to particular systems of
production. But general concerns arise with
intensified production systems. Can we avoid
loss of biodiversity? How do we reduce
pollution from the emission of greenhouse
gases? And how can we handle the effluent
that comes from producing and processing
livestock products (de Haan and others
1997)?
Loss of biodiversity
Intensifying livestock production leads to
concentrating on a narrow range of the most
productive animals. It is estimated that dis
placement and cross-breeding with exotic
breeds threatens 30% of all livestock breeds
(FAO 1997). Left unchecked, this erosion of
livestock diversity and diversity of the forage
plants that sustain them will endanger agri
cultural productivity in the face of emerging
pests and diseases and changing market
demands.
With the advances in genomics, we can
identify the quantitative trait loci for genes
that confer the adaptive traits of indigenous
breeds. By marker-aided selection, we can
incorporate these traits into animals with
higher productive potential. This technology
will make it possible to develop environmen
tally friendly ways of rapidly increasing
productivity in smallholder farming systems.
But since livestock breeds cannot readily be
conserved in genebanks, more research is
needed to develop effective in situ conser
vation practices and payment schemes that
will motivate the smallholders and pastoral-
ists to conserve the genepools resident in
their indigenous breeds.
Another concern is that expanding
livestock production is threatening whole
species of wildlife that share habitats with
domesticated animals. We do not have
adequate knowledge about integrating these
species and the advantages of diversified
production. And inappropriate laws and lack
of decision-support tools that can help
decision-takers accommodate the interests of
different stakeholders have sidelined the
local communities who are knowledgeable
and best able to protect the wildlife. Even in
the famous Maasai Mara Game Reserve in
Kenya, wildlife are threatened by expanding
livestock populations and even more by
increased crop production. This threat could
be countered if the tourism industry, which
now focuses on the benefits gained from
keeping wildlife as a common good, were
rather to take a longer view and recompense
local communities for protecting the
biodiversity that still surrounds them.
Feed production
Only 20% of the grain used in industrial
production systems comes from developing
countries (de Haan and others 1997). How
International Livestock Research Institute 17
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ever, wherever that grain is grown, the
environment suffers serious consequences
from the way soil and water are managed
and the way motor- driven farm implements
and fertiliser plants use fossil fuels. We need
more environment- friendly technologies for
producing and processing grain and we need
to use grain more efficiently to reduce the
amount needed. It is estimated that there is
greater potential for positively influencing
grain prices by improving feed conversion
efficiency than by breeding for increased
yields (Delgado, personal communication).
Livestock production, if it is properly
integrated with crop production, can contri
bute to protecting natural resources. For
example, interplanting forage legumes with
maize and sorghum can reduce soil surface
albedo, inhibit wind and water erosion,
improve soil carbon content through better
capacity for exchanging cations, and increase
the penetration of soil moisture. These effects
significantly increase the sustainability of
crop production and reduce labour require
ments for tillage (Tarawali and Ikwuegbu
1993). In Central America farmers have
planted forage legumes to reduce their need
to farm marginal lands and they have planted
trees to stem erosion in areas that they pre
viously used for grazing but were unsuitable
for it. Rangelands support over 100 million
pastoral families and cover more than a
quarter of the earth's surface. This vast ex
panse gives them a significant role in global
carbon sequestration, climate change and
watershed management, and it is essential to
reverse the degradation that inappropriate
livestock management, often exacerbated by
poor policies, has brought about. In Central
Asia, for example, ill-advised cropping
schemes have degraded about 10 million
hectares of rangeland. In the Sahel and other
rangelands of Africa and Latin America,
inappropriate policies and poor marketing
arrangements are restricting pastoral options
and leading to overstocking and encouraging
subsistence cultivation of unsuitable, fragile
land.
Appropriate stocking densities can im
prove the productivity of desirable forage
species. But excessive stocking, especially on
perennial grasslands, destroys biomass cover
and causes soil erosion, reduces soil water
penetration and has serious negative impli
cations for watershed management. Research
can help devise grazing regimes that strike
an optimum balance between livestock off
take and carbon sequestration. This balance
can weigh the trade-offs between private and
international public goods and costs.
Water
In this new millennium, water is predicted to
become the natural resource that is most
limiting, and agriculture is its single greatest
consumer. It will require wise handling to
avoid major conflicts. Much of the increase
in production in the 20th century was made
possible by expanding the area under irri
gation, but this is not an option for the 21 st
century because there are few remaining
untapped sources of fresh water. Indeed,
with salination and concerns for down
stream effects, the total area under irrigation
is likely to decrease. An example of the effects
of unbridled use of water for irrigation is the
60% decrease in water in the Aral Sea, where
currently evaporation exceeds recharge.
Livestock have a critical role in any plan to
conserve water—they consume it, they have
both negative and positive effects on water
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catchments, and they are a source of capital
that can be invested in improved practices.
Emission ofgreenhouse gases
Livestock production is associated with the
output of greenhouse gases such as carbon
dioxide (C02), methane (CH4) and nitrous
oxide (N20). The use of fossil fuels in inten
sive production systems increases the pro
duction of C02, but the greatest impact of
livestock production on atmospheric C02
levels probably comes from the C02 that is
released when forests are converted into
pastureland. This destruction of the forests has
been most serious in Latin America (Hecht
1 989), because people wishing to acquire
land have found that the most rapid way to
assert their claim was to cut down the forest
and engage in cattle ranching. The practice
has been encouraged by strong demands for
livestock products and a lack of alternative,
low-maintenance options. To control the
destruction, we need policies that make
environmental conservation for the public
good worth more than private profit seeking.
Ironically, livestock production will itself
be adversely affected by increasing levels of
C02, because woody plants (C3) can tolerate
higher concentrations of it better than grasses
(C„), thus making important dry ranges less
productive. Methane from rumen fermenta
tion and manure management comprises
about 1 6% of the total annual global emi
ssion. This emission can be reduced relative
to the amount of product by having fewer,
more productive animals and better-quality
rations. Livestock are indirectly associated
with nitrous oxide contamination, through
the use of nitrogenous fertiliser to increase
forage and feed grain yields.
Effluents from industrial production and
processing livestock products
Waste water from slaughterhouses, meat pro
cessing plants, dairies and tanneries reduces
the amount of dissolved oxygen in surface
water. The effect on aquatic plants and ani
mals is negative. The discharges contain
nitrogen and phosphates that can cause
eutrophication, which also depletes the
oxygen. Tanneries may discharge chromium
and other toxic pollutants that have impor
tant offsite effects on aquatic systems and the
poor living downstream. We need better
methods of preventing the pollution they
cause and of treating the effluents; we also
need to improve how these processing plants
are regulated and to break the plants into
smaller, dispersed units that are located
away from urban centres.
Large industrial enterprises similarly pro
duce nutrient effluents that load the sur
rounding land beyond its capacity to absorb
them, with detrimental effects particularly on
water quality. As public awareness increases,
it is inevitable that the polluter will have to
bear the associated social and environmen
tal costs. At the same time, public health
concerns are increasing about excessive use
of chemicals and drugs in producing livestock
for meat.
Intensification, particularly in smallholder
systems, increases the proximity of animals
with people and increases the risk of trans
ferring zoonotic diseases. The recent out
breaks of avian flu and Japanese B encepha
litis that caused authorities in Hong Kong
and Malaysia to destroy millions of poultry
and pigs.
As public awareness of the problems
increases, industrial production enterprises
are moving away from urban areas when
International Livestock Research Institute /9
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there is adequate infrastructure. In densely rapidly in developing countries, and they too
populated developed countries, production need to be encouraged to locate away from
is shifting back to lower-input, land-based environmental hotspots (Steinfeld 1998). A
systems (Sere and Steinfeld 1 996). Since the more rational relationship in planned area-
technologies for industrialised systems are wide integration needs to be found between
readily transferred from developed regions, input supplies and the absorptive capacity of
industrial systems are expected to expand local environments.
10 /International Livestock Research Institute
3 Demand for livestock products
From an agricultural standpoint, dominant in
the next 20 years will be the increased de
mand for food that an additional 2.5 billion
people will create as the world's population
approaches 8 billion. This growth will come
from the developing regions; growth in devel
oped countries will be slight (Table 4). The
additional population will create greater de
mand for food generally. But it will be pro
portionately greater for livestock products
than for cereals because urban people prefer
nutrient-rich, easy-to-cook meat and dairy
foods, and developing country populations
will be increasingly urbanised, reaching 50%
in 2020 as compared with 30% in 1 980. They
will also have increased purchasing power
with incomes projected to rise at 3% per
annum in sub-Saharan Africa and 6% in Asia
and Latin America (Cranfield and others
1998).
Demand for meat will grow only 0.6% in
developed countries compared with an
annual increase of 2.8% in developing
countries (Table 4). This will raise the annual
demand for meat in developing countries
from 89 million metric tonnes in 1993 to 188
million in 2020 (Delgado and others 1999).
Developing countries will then account for
63% of the world's meat consumption,
compared with 47% in 1993.
Milk demand will grow especially fast in
developing countries—at 3.3% annually.
Again, demand will be virtually stagnant at
0.2% in developed countries (Table 4). By
2020, annual demand for milk in developing
countries will have risen to 391 million metric
tonnes from 164 million in 1993, accounting
for 51% of the global demand compared
with 38% in 1993.
Globally, two-thirds of the increased de
mand will be for pork and poultry meat, but
the type of meat demanded will vary signi
ficantly among regions, in part because of
cultural and religious restrictions on eating
pork (Table 5). Most of the increased demand
for pork will come from East and South-East
Asia with little increase in South Asia, West
Asia North Africa and sub- Saharan Africa.
As a commodity, cattle are the most
important type of livestock in Latin America
and the Caribbean, sheep and goats in sub-
Saharan Africa and South Asia, pigs in East
Asia, and poultry in East Asia and Latin
America (Table 6).
Table 4 Projected global annual, total and per capita growth in consumption of meat and milk
Projected annual growth of
consumption 1993-2020
Total consumption in
2020
Per capita
consumption in 2020
Meat Milk Meat Milk Meat Milk
Region (% per year) (% per year) (million t) (million t) (kg) (kg)
Developing world 2.8 3.3 188 391 30 62
Developed world 0.6 0.2 115 263 83 189
World 1 .8 1.7 303 654 39 85
Source: Delgado and others (1999)
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Between 1993 and 2020, sub-Saharan
Africa is expected to have the highest growth
rates worldwide for meat and milk produc
tion, but East Asia will have the highest in
crease in milk consumption at 5.1% annually,
indicating expanding exports, particularly to
China (Table 7).
Projections for growth in demand for meat
and milk by region indicate that the fastest
growth will be in Africa, albeit from a low
base, with demand for meat and milk in
creasing at 3.5 and 3.8% per annum, com
pared with global increases of 1 .8 and 1 .7%,
respectively (Table 7). Other regions with
large projected increases in demand are
South-East and South Asia.
Table 8 indicates the rates of increase that
will be required to meet the 2020 demand
projections. India, already the world's largest
dairy producer, will have the largest increase
in demand for milk at 4.3%, giving it both
the highest milk consumption per capita in a
developing country (125 kg per annum) and
the highest total production (160 million
tonnes per annum). Nevertheless, India's per
capita annual milk consumption will still be
64 kg less than consumption in developed
countries (Delgado and others1999).
Table 5 Projected demand growth rates for meat and milk (% per annum, 1 993-2020)
Region Pork Poultry Sheep Beef Milk
East Asia 2.8 3.6 0 3.2 2.8
South Asia 18.6 21.7 4.2 3.7 4
South-East Asia 3.2 2.6 0 4.2 3
Latin America, Caribbean 2.6 2.6 18.6 2.2 1.9
West Asia, North Africa 0 2.6 2.6 3.5 3
Sub-Saharan Africa -0.1 2.6 2.6 4.2 3
Developing countries 0.8 3.2 2.6 2.9 3.2
Developed countries 0.8 1 0 0.4 0.3
Source: derived from Delgado and others (1999)
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Table 6 Projected food consumption trends of various livestock products
Projected,
1993-2020
(% per year)
Total consumption Per capita consumption
1993
(million t)
2020 1993 2020
(kg) (kg)Region (million t)
Developed
Beef
world
0.4 32 36 25 26
Pork 0.3 38 41 29 29
Poultry 1 26 34 20 25
Meat 0.6 99 115 78 83
Milk 0.2 250 263 196 189
Developing
Beef
world
2.8 22 47 5 7
Pork 2.8
3.1
2.8
3.3
22 47 5 7
Poultry 22 49 5 8
Meat 89 188 21 30
Milk 164 391 38 62
Source: Delgadoand others (1999)
Table 7 Projected regional trends in consumption of animal-source foods
Pork Pou
1993
iltry
2020
Beef
1993 2020
Total
1993 :
meat
2020
Milk
Feed grain
use
Region 1993 2020 1993 2020 1993 2020
China 29 61 6 15 2 6 33 85 6 17 78 178
Other East 1 2 1 2 0 1 24 8 30 2 7 20
India 0 1 0 1 2 5 5 8 66 160 3 14
Other South 0 0 0 1 1 3 8 5 62 41 1 4
South-East 3 7 3 6 1 3 16 16 3 11 12 30
Asia total 34 73 11 26 8 18 86 122 167 231 101 246
LAC 3 6 7 14 10 18 48 39 101 77 55 92
WANA 0 0 3 6 2 5 16 15 57 51 29 66
SSA 1 2 1 2 2 6 9 12 19 31 3 5
Developing 38 81 21 49 22 47 88 188 168 391 194 409
Developed 36 41 26 34 32 36 97 115 245 263 442 519
LAC - Latin America and the Caribbean; WANA - West Asia and North Africa; SSA - sub-Saharan Africa
Source: Delgado and others (1999)
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Table 8 Projected annual percentage growth in meat and milk consumption 1993-2020
Projected growth,
1 993-2020
Total consumption
in 2020
Per capita consumption
2020in
Meat
(% per yr)
Milk
(% per yr)
Meat
(million t)
Milk
(million t)
Meat
(kg)
Milk
(kg)Region
China 3 2.8 85 17 60 12
India 2.9 4.3 8 160 6 125
Other E Asia 2.4 1.7 8 2 67 20
Other S Asia 3.2 3.4 5 41 10 82
SE Asia 3 2.7 16 11 24 16
LAC 2.3 1.9 39 77 59 117
WANA 2.8 3 15 51 24 80
SSA 3.5 3.8 12 31 11 30
LAC - Latin America and the Caribbean; WANA - West Asia and North Africa; SSA - sub-Saharan Africa
Source: Delgado and others (1 999)
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4 Livestock production trends
Over the last decade, internationally traded
meat has remained stable at 1 4% of total
global production, which means that
livestock products are still consumed mainly
where they are produced (McCalla and de
Haan 1999).
Regional trends in meat production
Livestock production varies regionally
because of cultural and religious preferences
and available feedstuffs. Pigs and poultry in
backyard production systems can live on
household wastes and by-products from food
processing. They are also well suited to inten
sive industrial systems, but these systems
depend on grain that could be used to feed
people. Cattle, sheep, goats and other rumi
nants are able to thrive on grass, browse,
crop residues and industrial by-products that
monogastric animals cannot digest.
Cultural, economic and ecological factors
combine to create differences in demand for
meat that will continue to influence regional
production patterns (Table 9). Pork and
poultry meat consumption will expand fastest
overall, especially in East Asia and most
countries in South-East Asia, with concomi
tant increases in imports of feed grains. In
Latin America and the Caribbean, beef from
cattle raised on grass will continue to be the
most important meat. There will be no in
crease in pork production in West Asia and
North Africa. Because pasture in the region is
limited, to increase beef production it will be
necessary to increase inputs of feed grains.
The growth in meat production in sub-
Saharan Africa will be relatively fast but only
modest in total quantity—from 9 to 12 million
tonnes. The small projected increase in the
use of feed grain, from 3 to 5 million tonnes,
will be for poultry and pig production.
Sub-Saharan Africa
In sub-Saharan Africa, most of past increases
in production have come from increased
numbers. There has been some increase in
productivity per animal, but this has not
been sufficient to keep pace with the rapid
growth in human population since 1980.
There was a rapid expansion of industrial
systems in the 1 970s, especially for poultry,
but, as epitomised by Nigeria, these declined
equally rapidly in the 1 990s as foreign ex
change restrictions curtailed imports of feed
supplements and veterinary inputs.
In view of the continuing limited capacity
to import grains, Africa will have to continue
to rely on meat produced by ruminants,
which depend on pastures and crop residues.
There is little scope for increased range pro
ductivity but some gains could be made by
stratifying production—breeding animals on
more extensive systems in drier zones and
finishing them more intensively nearer the
markets. To do this will mean that enabling
policies will have to be put in place that
facilitate cross-boundary trade and devel
opment of market infrastructures.
Asia
In the past two decades, in the humid and
subhumid regions of South-East Asia, peri-
urban farmyard pig and poultry production
expanded rapidly to become the main source
of meat for low-income households. How
ever, the most rapid expansion in meat
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Table 9 Projected annual growth in meat and milk production, 1993-2020
1 993-2020 (% per yr)
Projected growth, Total prod
2020 (m
uction in
llion t)
Per capita production in
2020 (kg)
Region Meat Milk Meat Milk Meat Milk
China 2.9 3.2 86 19 60 13
India 2.8 1.6 8 172 6 135
Other E Asia 2.4 3.9 7 3 55 29
Other S Asia 2.6 3.1 4 46 9 92
SE Asia 3.1 2.9 16 3 25 5
Latin America 2.2 2 39 80 59 121
WANA 2.5 2.6 11 46 18 72
SSA 3.4 40 11 31 10 30
Developing world 2.7 3.2 183 401 29 63
Developed world 0.7 0.4 121 371 87 267
World 1.8 1.6 303 772 39 100
'Meat' includes beef, pork, mutton and goat, and poultry, carcass weights plus fifth quarter (offal). 'Milk' is milk
and milk products in liquid milk equivalents. Tonnes and kilograms are 3-year moving averages centred on the
year shown.
LAC - Latin America and the Caribbean; WANA - West Asia and North Africa; SSA - sub-Saharan Africa
Sources: Projections are updated figures following the same format as those reported in Rosegrant and others
(1997)
production in this region is now coming from
large industrial pig and poultry enterprises,
and this trend will continue to 2020 with
growing use of imported feed grain. A similar
expansion has taken place in China, but in a
drive to make better use of abundant crop
residues, beef production has increased even
more dramatically, increasing the proportion
of beef from 1 0 to 30% of Chinese meat
consumption.
The increased industrialisation will affect
smallholders, because they will have to
switch from producing slaughter stock to
supplying feeder animals that go to industrial
finishing units. Research will be needed to
ensure that resources are used optimally and
that returns to labour and other resources
provided by the smallholders are equitable.
Sheep and goats comprise 1 7-27% of the
meat eaten in South Asia, but these kinds of
meat do not contribute significantly to the
diet in South-East Asia (Vercoe and others
1997). Beef and buffalo are important meat in
South Asia but less important elsewhere in
Asia. In East Asia, pigs and poultry are more
important than ruminants; however, the latter
will continue to be important in upland mixed
crop- livestock systems. In those systems, pro
duction can be increased and wastage re
duced through better integration and use of
feed resources within farming systems and
improved management of disease and para
sites. In Asia, grazing systems are confined to
the dry highland areas in the Himalayas and
Hindu Kush such as Pakistan, Nepal and
Bhutan. In these regions, important policy
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issues that affect trade and natural resource
management need to be resolved.
West Asia and North Africa
In West Asia and North Africa, the Islamir
calendarwill continue to heavily influence
meat production, mostly from sheep and goats.
Production is geared to provide for religious
festivals and especially for export to coincide
with the annual holy sacrifices in Saudi Arabia.
Improved information and information dis
semination is needed about animal health
and how to improve disease control. Present
methods are inadequate for the projected
large volume of intraregional trade.
Most livestock production will continue to
be on arid grass and croplands. The external
supplies of feed and water that are presently
being imported are allowing stocking rates
higher than the carrying capacity of the land.
This overstocking is causing aridity and re
sulting in serious environmental degradation.
Change is needed to combat this deleterious
practice.
Development priorities include alternative
feed resources and options for land tenure
that will encourage conservation of soil and
water resources (Thompson and other 2000).
Central Asia and the Caucasus
Livestock production statistics are limited in
Central Asia and the Caucasus, but produc
tion and marketing are expected to improve
as these countries come to terms with post-
communist, liberalised market systems.
Following the collapse of the market for wool
in Russia, sheep numbers declined precipi
tously. The unused pasture has presented a
massive opportunity for increased meat and
milk production. The combined size and
natural resource wealth of the five Central
Asian and three Caucasian countries suggests
that with economic reform, by 2020 this region
will have become a major supplier of meat
globally. In addition to rangeland issues, this
region has similar research needs at land
scape and water catchment levels as the
grazing systems of the Himalayas and the
Hindu Kush.
Latin America
In Latin America, increases in meat produc
tion will come from camelids in the high
altiplano and from cattle off the rangelands.
The Mercosur (Mercado Comun del Sur, or
Southern Common Market) region can take
advantage of being declared free of foot-and-
mouth disease by increasing its exports to
higher-priced markets in Europe and North
America. Opportunities for expansion in the
lowlands of northern South America and in
Mexico may be realised if political, civil and
economic conditions permit. However, pro
ducers in these areas, in common with pro
ducers in the Central American states, will
have to maintain high standards of quality and
disease control to retain their markets.
Regional trends in milk production
The fastest increase in milk production, at
4.3% per annum, is expected in India, which,
as noted above, is already the world's largest
dairy producer. Sub-Saharan Africa, at an
anticipated 3.8%, is also expected to exceed
the 3.3% average annual increase for the
developing world.
Dairy cattle provide most of the world's
milk, with other ruminants including buffa
loes, goats, sheep and camels being
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important in different regions. Wherever large-
scale farming is practised, dairy herds are
getting larger, more industrialised and more
dependent on purchased concentrates. But in
most developing countries, the opportunity
for large systems is limited, and the increased
production will have to come from improving
the efficiency of the millions of small crop-
livestock enterprises that depend on family
and low-cost labour and feed supplies. Peri-
urban systems will continue to be important,
at least in the medium term, but concerns
will increase about the adverse environmental
effects of large quantities of effluent and about
dairy hygiene and transmission of zoonotic
diseases in densely populated areas.
In all regions, significant increases in dairy
production will come from improvements in
marketing, animal health control and better
integration with cropping, particularly in regard
to nutrient cycling. However, increases of the
magnitude demanded (Table 7) will also re
quire more radical innovations. Such innova
tions could mean using animals that combine
high productive potential with adaptation to
local disease and climatic conditions. Better
nutrition will come by improving the feed
value of crop residues and by-products, and
by improving the efficiency with which plant
materials are broken down in the rumen into
nutrients required for milk production. Farmers
will have to be assured that they will have re
liable, steady access to affordable concentrate
feeds and veterinary products before they
will adopt intensified systems of production.
Sub-Saharan Africa
Milk production will expand relatively
quickly in sub-Saharan Africa but with only
modest increases in quantity, from 1 9 to 31
million tonnes of milk. This will depend on
increasing productivity of smallholder crop-
livestock farmers. That this is feasible has
been demonstrated in Kenya, which has 80%
of all the improved dairy cattle in sub-Saharan
Africa and where smallholders produce 80%
of the milk. Problems holding back improve
ments in production vary widely, depending
on environmental conditions and how
developed are the markets for inputs and for
dairy products. However, inadequate feeding,
health and breed improvement services, and
unfavourable policies widely hamper in
creased dairy production.
Asia
Annual growth rates in milk production have
varied widely across Asia, from 20% in
Thailand to 1% in the Philippines. India and
Pakistan are self-sufficient in milk, with buf
faloes contributing 47% in the former and
73% in the latter (Vercoe and others 1997).
As in Africa, improvements are required in
feed, health and breeds. Improvements in
credit, land tenure, marketing and trade are
also needed (Gardiner and Devendra 1995).
West Asia and North Africa
Expansion in dairy production in West Asia
and North Africa will come from ruminants
in peri-urban and intensive integrated farming
systems. The proximity to urban centres re
duces problems of input and output markets
but increases concerns for human and environ
mental health. The greatest increases in milk
products will come from dairy cattle, but ewe
milk is also important for processing into
yogurt, cheese and clarified butter (ghee)
(Li-Pun 2000).
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Latin America
Latin America has much scope for increased
dairy production in smallholder crop-
livestock systems. Diseases present fewer
problems than in Africa, but special attention
must be given to protect the environment,
especially of watersheds and forest margins.
Dairy systems present good opportunities for
agroforestry to increase production of high-
quality feeds from crops, grasses and browse
species in ways that enhance soil conserva
tion and landscape management.
Trends in livestock production systems
The priorities for international livestock re
search must take into account the numbers
of poor people in the different production
systems and ecoregions. The greatest num
bers (423 million) of resource-poor livestock
owners are found in the arid and semi-arid
tropics; next are those in the temperate and
highland tropical zone (372 million) and
then in the humid and subhumid tropics (192
million) (Table 10).
These data indicate that a detailed analysis
will be needed to determine research pri
orities because they are not mutually rein
forcing. For example, they indicate that the
arid and semi-arid zones are home to sub
stantial numbers of farmers practising rainfed
mixed agriculture as well as extensive
graziers, and it is known that in many areas
the systems are interdependent.
Pastoral systems
On a global scale, there is little scope for
increased meat production from grazing lands
because of the technical limitations and the
continued encroachment by urban growth,
spreading infrastructure and expanding cul
tivation. However, the rangeland areas
demand attention because they cover 25% of
the world's land surface and produce 1 0% of
the world's meat. An opportunity for pastoral-
ists exists to increase offtake of livestock pro
ducts and their returns from it. This would be
by stratifying the stages of production— the
pastoralists would keep breeding herds on
extensive grasslands and produce feeder
stock. The feeder stock would then be
finished closer to the market on better-quality
pastures, crop residues and concentrates.
Enabling policies are needed to optimise the
terms of trade for livestock producers and
encourage them to use appropriate techno
logies, such as stratifying production in the
most appropriate ecozones and adopting
techniques for risk management and crisis
mitigation.
Table 10 Resource-poor livestock keepers in developing countries
People
(millions)
People
(%)Agro-ecology
Arid and semi-arid 423 43
Temperate, including tropical highlands 372 38
Subtropical, humid and subhumid 192 19
Total 987 100
Source: Ashley and others (1999)
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Crop-livestock systems
Mixed farming systems will focus on milk
rather than on meat production because of
higher returns to family labour and highly
desirable daily cash income.
As increasing human populations take up
more land for cropping, less grazing land is
available for providing organic matter in the
form of manure. External inputs will be re
quired to sustain soil fertility. However, the
role of livestock in nutrient cycling will be
critical because the organic matter and
nutrients the manure provides are essential
for sustaining the cation exchange capacity,
moisture retention and structure in the soil.
To raise productivity further, we will need to
make better use of non-crop lands, crop
residues and purchased feeds, and we will
need policies that encourage to adopt pro
gressive technologies for conserving natural
resources (Tiffen and others 1 992).
Mountain systems
The Food and Agriculture Organization of the
United Nations (FAO) has declared 2001 to
be the Year of the Mountain. This recognised
the importance of over 30 million km2 of
mountain agriculture for millions of resource-
poor smallholders. Mountains are among the
most densely populated lands, and the lack of
resources and appropriate technologies is
forcing smallholders into increasingly detri
mental environmental practices. The disas
trous downstream impact of inappropriately
managing mountain water catchments is
demonstrated by the increasing incidence of
flooding in downstream countries such as
Bangladesh. Livestock are important in moun
tain farming systems. They can browse or be
maintained in cut-and-carry systems, which
maintain the soil cover rather than opening it
up for cultivation. Mountains are also associa
ted with important endemic livestock and plant
biodiversity including species such as yaks in
Central Asia and camelids in Latin America.
Industrialised systems
The main increase in meat supplies in recent
years has come from industrial enterprises for
pigs and poultry. Growing at twice the rate of
mixed production systems and six times the
rate of grazing systems, they currently produce
37% of the world's meat. Market forces will
continue the move towards more intensive
specialised systems with high-input livestock
management and disease control and depen
dence on feed grains and protein supplements.
Underpinning this shift to pig and poultry
industrial systems is the vertical integration of
input, production and marketing facilities.
Intensive dairy production enterprises have
also expanded. The cumulative effect of the
expansion of large intensive production units
is that livestock now consume one-third of
global grain supplies and this is expanding at
4% per year on average for all developing
countries. The reduced reliance on house
hold scraps and other feeds not suitable for
human consumption has increased compe
tition for use of grain and arable land—for
human food or for livestock feed (Fitzhugh
1998).
Peri-urban systems
Peri-urban livestock production is an under
rated phenomenon in many cities in devel
oping countries. For example, an estimated
80,000 ruminants and equines are kept
within the city of Cairo. This has important
environmental and zoonotic implications as
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demonstrated by the drastic response of auth
orities in more densely populated locations
such as Singapore, which has banned pig
production. As mentioned, because of trans
ference of diseases to people, Hong Kong has
carried out a massive slaughter of poultry and
Malaysia of pigs. The CGIAR and associated
centres such as the Asian Vegetable Research
Centre are establishing a collaborative pro
gramme to conduct research on peri-urban
agriculture. Livestock is an important issue in
this holistic programme because of the im
portant economic and environmental conse
quences of its interdependence with other
enterprises such as vegetable production and
processing of meat, dairy and leather products.
Trends in livestock policies
Trade liberalisation
In 1 994-96, the value of exports of livestock
products from developing countries, in
cluding meat, milk, hides, skins, wool and
products produced from these outputs such
as leather footwear, was 43% greater than
the total value of exports of cereals, pulses,
oilseeds and oil cakes. From 1994 to 1996,
livestock exports exceeded the value of
developing country cereal and coffee exports
(TAC 1999). This trend will be reinforced by
international agreements through the World
Trade Organization and regional trade
agreements, making exports of livestock and
livestock products increasingly important in
earning the foreign exchange that is required
for national food security and development.
But this will also mean that developing coun
tries must pay greater attention to diseases of
trade, food quality and food safety standards
of the importing countries and to underwrite
this with effective disease information systems
and decision-support tools.
With liberalisation we have come to re
cognise that we need policy analysis to en
sure that small-holders have equitable access
to markets and resources and to enable them
to adopt good practices for managing natural
resources. This recognition has led to de
mands for research on common property
rights, terms of trade and opportunities for
diversification. Trade policies have also been
linked to equity and environmental consi
derations. An example is the adverse local
effects of dumping cheap, subsidised beef
from Europe on the coastal markets of West
Africa. At its height, it took away the income
that pastoral ists depended on, and the large
numbers of cattle they were unable to sell
increased the stocking pressures in the Sahel.
Liberalising and globalising trade have put
a premium on establishing policy environ
ments that enable countries and regions to
take full advantage of their comparative
advantages. Research agendas must respond
to market forces by providing appropriate
products. But at the same time, they will
have to accommodate the sometimes contra
ry requirements to enhance national produc
tivity and trade on the one hand and on the
other, to reduce poverty, improve equity and
enhance the environment. Research pro
grammes will also have to search for equi
table ways to balance the need to create
employment with the need to adopt more
efficient food and feed technologies.
Intellectual property rights
Until recently international centres produc
ing public goods seldom needed to be con
cerned about intellectual property right How
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ever, this is an increasing concern. Claims to
intellectual property rights can hold back
developing and disseminating new techn
ologies for smallholders, especially as they do
not constitute a market big enough to attract
private providers. Publicly funded national
and international research institutions serving
developing regions are presently not well
equipped to respond effectively to issues re
garding intellectual property rights. Care will
be required to ensure that they are not held
back from serving the poor if they accept
private investments that restrict how they use
and disseminate their research products.
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5 Enabling international livestock research
Emerging science and technologies
A 'business as usual' approach to livestock
research will not increase livestock produc
tivity in developing countries sufficiently to
meet the anticipated demands for livestock
products by 2020. To do that without exacer
bating environmental stresses will require the
latest advances in science that have high
potential for impact. Examples include the
unfolding revolution in genomics, which has
the potential to exceed the tremendous past
impacts of artificial insemination in raising
livestock productivity; the identification of
antigens for tropical livestock disease organ
isms; and the determination of genetic
resistance to diseases and parasites. The
application of biotechnology has the potential
to provide inexpensive vaccines and diagnos
tic tools that will facilitate the work of veter
inary and extension workers in controlling
livestock diseases. It also has applications in
identifying genetic markers that could enable
conservationists and breeders to protect and
make better use of livestock biodiversity
(Teale1997).
Molecular technology applied to optimis
ing grain and fodder yields in crop-plant
breeding programmes will increase the quan
tity and quality of feed available to livestock
and the efficiency with which animals use
them. Molecular biology will also be applied
to manipulating rumen micro-organisms for
improved breakdown of plant nutrients. Vete
rinary genomics will have important spin-off
applications in human medical research
because animal models are much easier to
work with. For example, the protozoan
parasite Theileria parva, which causes East
Coast fever in cattle, induces a cancer-like
effect on blood cells that is attracting the
attention of oncologists working in human
medical laboratories.
Whole genome sequences and bioinfor-
matics are contributing to an increased
understanding of fundamental aspects of the
biology of human and animal pathogens,
allowing novel approaches to disease control,
for example, in drug and vaccine design. The
Institute for Genomic Research (TIGR) is a
world leader in generating this type of data.
A current project is bringing together TIGR
scientists with scientists from ILRI, the
International Centre for Cell Microbiology-
Africa and the University of Hokkaido to
exploit the complementary expertise of the
different groups in sequencing the genome of
T. parva. This research will provide baseline
genomic information on the parasite and
underpin future research for developing
improved vaccines to control East Coast fever.
The strategy may also provide insight into
how the parasite transforms lymphocytes as
well as genomic data for comparative studies
with related parasites such as plasmodium,
theileria, toxoplasma and babesia.
Important new applications will be found
for other advances that include geographic
information systems, satellite imagery, climate
forecasting, monitoring of climate change
and spatial analysis, for example in mapping
the incidence of poverty, determining recom
mendation domains, assessing impact, setting
research priorities and planning for develop
ment. Ensuring that these applications are
relevant and validated will continue to require
strong links between laboratory and field-
based research. Advances in informatics and
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multimedia applications will mean that it
will take less time for research to have
impact, because information and its products
will be processed and distributed more
efficiently and quickly.
Genetically modified organisms
Using genetically modified organisms to
enhance the productivity and adaptability of
livestock in developing countries has great
potential. At the same time, the possibility is
being met with considerable societal and
political resistance. But acceptable applica
tions can be found in, for example, deliver
ing vaccines, bolstering resistance to disease
and enhancing feed conversion. The key to
their application will be to ensure that the
techniques used and the applications to
which they are applied meet international
ethical and biosafety standards.
Animal welfare
Some farm animals in developing countries
are raised in conditions that would not be
tolerated in developed countries. This does
not necessarily reflect the owners' disregard
for animal welfare, because the owners too
are enduring conditions that would not be
accepted in developed countries. These
conditions can hamper the work of research
institutions, which must comply to inter
national standards for research-animal wel
fare. It can prevent scientists from working
with some farm animals because of the
conditions under which they are customarily
kept. Nevertheless, to improve the welfare of
livestock keepers, research must provide
technologies that are urgently required to
improve the condition and productivity of
livestock in developing countries. ILRI has
had to cope with this in research with draft
animals in Mali.
Changing perceptions about animal
agriculture
The resources available for investing in
development are influenced by the percep
tions that decision-makers have about the
role and value of livestock. Through the
1 970s and 1 980s, their perceptions were
prejudiced by negative views, expressed in
publications such as Beyond Bee/"(Rifkin
1 992), concerning livestock impact on the
environment and on competition with low-
income people for food. Feed conversion
figures derived from feedlots producing beef
for high-income societies were wrongly
applied to cattle production globally, leading
to exaggerated concerns about competition
with humans for grains. Decision-makers
were also prejudiced by the adverse health
effects of excessive consumption in devel
oped countries of animal products with high
cholesterol content.
However, with better information on the
importance of livestock to small-scale pro
ducers and the rapid growth in demand for
animal-source foods, animal agriculture is
receiving more favourable attention. As
livestock development projects of the 1 970s
matured in the 1 980s, it became apparent
that they were more successful than had
been presumed from early financial, rather
than economic, appraisals. Even in difficult
Sahelian conditions, the increases in pro
ductivity per animal were significant. ILRI's
research in different regions documented that
the assumption that livestock were causing a
southward drift of the Sahara was fallacious
(Hiernaux 1996). In Botswana ILRI showed
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that, in supplying the needs of the benefi
ciaries, traditional livestock production
systems consistently performed better than
the ranching systems that developers wished
to emulate (de Ridder and Wagenaar 1986).
In Nigeria, ILRI's research documented the
importance of livestock in the subhumid
zone whereas development had been totally
focused on livestock development in semi-
arid regions. ILRI, among others, demon
strated the values of indigenous breeds such
as the Tswana in Botswana and the N'Dama
in West Africa and catalysed support for con
serving and utilising indigenous breeds.
The USAID-supported Nutrition Collabor
ative Research Support Programme
(Calloway and others 1 988) found that
children in Egypt, Kenya and Mexico who had
access to animal-source foods, which provide
essential micronutrients such as vitamin B]2,
had higher cognitive scores and better school
performance than their less fortunate peers. It
is now widely recognised that meat and milk
supplements improve the bioavailability of
essential micronutrients in developing
country diets.
The potential for agricultural research to
improve rural income and food production
was most dramatically demonstrated by the
Green Revolution, which has staved off
famines in India and Pakistan that were
thought to be an inevitable consequence of
South Asia's peasant agriculture and harsh
environments. It is less well known that,
even though the Green Revolution focused
on increasing grain production, there was at
the same time a marked increase in the con
sumption of meat, milk and fish. At world
prices, the additional meat consumed had a
market value three times the value of the extra
cereals consumed (Delgado and others 1 999).
Partners and stakeholders in livestock
research and development
One of the remarkable benefits of the current
tight financial situation is that it catalysed
commitment to partnerships that have
become the norm in international agricultural
research. The strategy for international
livestock research is in effect a strategy for
partnerships based on the comparative ad
vantages of all stakeholders in developing
and developed countries and in private and
publicly funded research.
The success of livestock research and
development will be measured by the change
it brings to the welfare of hungry and poor
people in developing countries through
improvements in the way smallholders and
pastoralists conduct their businesses. The
smallholder livestock owners are both clients
for improved technologies and essential
participators in the research. Development
policy-makers and decision-takers are also
both clients and participators because it is
through them that better enabling policies
can be developed and instituted.
Stakeholder roles and expectations
Analysts assessing the demand for livestock
to 2020 (Delgado and others 1 999) assert that
the increased demand will certainly drive a
concomitant increase in production. How
ever, without adequate research this is likely
to have a less-than-optimal impact on reduc
ing poverty and adverse effects on equity and
the environment. A critical analysis of the
stakeholders and the ways in which they in
teract is needed to ensure that research and
development are directed towards helping
the poor and meeting the demands of hun
gry and poor people in developing countries
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in ways that are equitable, sustainable and
environmentally friendly. The essential ele
ments of the stakeholder roles and expec
tations from international agricultural re
search are set out in Table 1 1 .
The research-to-consumer chain links
different stakeholders in pursuit of the com
mon goal of improving the welfare of the
poor in developing countries. As the ultimate
beneficiaries, consumers need access to
affordable food. This is especially critical for
poorer consumers because they spend the
highest proportion of their income on food.
Rural consumers are mostly served by the
informal sector while urban consumers tend
to be more reliant on the formal sector. Pro
cessing, marketing and distribution in devel
oping countries are increasingly in private
hands, but there are still important parastatal
marketing and processing corporations. Even
though individual smallholder production is
limited, because of their numbers small
holders are the most important suppliers to
the processors and marketers in developing
countries. However, because they have little
purchasing power, they tend to be poorly
supported by private agribusiness. Their
capacity to pay is low and they are not easily
reached through the media. The public ex
tension services also find it difficult to serve
smallholders well because they are numerous
and many are illiterate. Formerly national
agricultural extension systems served them.
Now with falling government investment, the
poorest and most remote rural communities
increasingly rely on non-governmental orga
nisations (NGOs) to reach them. Thus the
national extension systems require techn
ologies that they can pass on to smallholders
either directly or through NGOs. This is a
change from their former orientation towards
large-scale producers, who were expected to
provide the surpluses required to feed the
cities. Technology on how to provide this
surplus must come from the national
agricultural research systems (NARS).
Developing country national agricultural
research systems
In view of the urgency and complexity of the
problems that national agricultural research
systems (NARS) must address, they need
support from advanced research institutes
and in particular the international agricultural
research institutes such as ILRI, which were
established to serve smallholder producers in
developing countries. NARS require the pro
ducts of basic and strategic research that they
can adapt to local circumstances. They also
need support in capacity building through
training and access to modern research
techniques and methods that international
agricultural research centres (lARCs) can
provide. Because NARS have limited re
sources, they seek collaboration that will
establish the critical mass required to
adequately address the problems and draw
backs that smallholders face.
The stronger national agricultural research
systems in developing countries, such as
EMBRAPA (Embresa Brasileira de Pesquisa
Agropecuaria) in Brazil and the Indian
Centre for Agricultural Research, undertake
all types of research, but generally NARS
have particular responsibility for the applied
and adaptive phases to ensure that appropri
ate innovations reach smallholders in their
countries. This is a cause for concern because
funding for developing country research and
extension systems is projected to decline
further. In sub-Saharan Africa and Central
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Asia there are well-qualified agricultural
scientists, but there is too little funding per
scientist and dependence on donor funding
is increasing. This is particularly critical in
sub-Saharan Africa, where the number of
scientists with postgraduate degrees, mostly
in Nigeria, South Africa and Sudan, increased
by 50% in the past two decades (Smalley
and others 1997). Smalley and others (1997),
quoting Pardey and others (1991), noted that
there were then only 1 800 livestock scien
tists in sub-Saharan Africa and less than half
of those had postgraduate degrees. This makes
it difficult to create researcher-extension-
farmer links that are strong enough to facili
tate the two-way exchange of information
that is needed for sound technology devel
opment and transfer.
The Global Forum for Agricultural
Research, regional and subregional
associations of national agricultural
research systems
To build the critical mass necessary to assure
impact, different research providers need to
collaborate more closely. Regional priorities
also need to be set to ensure that resources
are not dissipated by duplicating research on
problems that occur repeatedly in different
countries. The NARS have responded to these
conditions by forming subregional associ
ations such as the Association for Strength
ening Agricultural Research in East and
Central Africa (ASARECA), through which re
gional priorities can be determined and tasks
allocated to alternative suppliers.
The subregional associations have in turn
joined regional associations such as the
Forum for Agricultural Research in Africa
(FARA) or the Asia Pacific Association of
Agricultural Research Institutes (APAARI),
through which they intend to influence pri
orities for the region among the subregional
associations and the donors.
The regional associations have combined
to form the Global Forum for Agricultural
Research (GFAR), through which they can
represent the agricultural research needs of
developing countries and in particular the
national agricultural research systems in
international fora such as the CGIAR.
ILRI together with the other international
agricultural research centres will have to
orient itself to contribute to the goals of the
regional associations and adjust its organi
sation and approach to priority setting ac
cordingly. The CGIAR is currently developing
a strategy for research in Africa in collabor
ation with the subregional organisation to
contribute to the Vision for Agricultural
Research in Africa that was developed jointly
by FARA and the Special Programme for
African Agricultural Research (SPAAR).
International agricultural research centres
Traditionally the international agricultural
research centres played an important role in
bringing new science to bear on research for
development. However, this role will be
challenged as the privatised developed
country research institutes engage more
aggressively in international agricultural
research for development. The international
agricultural research centres' strategies must
in future be less centre oriented and more
directed to improving the overall cost effec
tiveness of international agricultural research.
The lARCs have the experience and the
locations that enable them to cut costs and
gain efficiency in international agricultural
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research. They can aid developed country
institutions to engage collaborators and
locations for research in developing coun
tries. But to operate in this way will require
radical changes in the strategies of centres
such as ILRI.
These centres will have to become more
concerned with ensuring that the inter
national agenda for agricultural research is
accomplished by the most appropriate pro
viders and less concerned with maximising
the share of research funding for their own
programmes. Their programmes will need to
be set up to ensure that they do not engage
in research that could be done more effec
tively by alternative suppliers. However, to
fulfil their mandates, lARCs will have to
remain centres of excellence, capable of
carrying out strategic research of the highest
standard. Their programmes will possibly
comprise research that they do themselves,
but much more commonly the research they
do will be in collaboration with developing
and developed country research institutes, or
will be research that they broker or catalyse
at other institutions. Since the success of
lARCs is predicated on the success of NARS,
lARCs must remain committed to building
their capacity, especially in Africa.
Developed country advanced research
institutes
Advanced research institutions in donor
countries, facing the same funding constraints
as the international centres, are looking for
ways to get access to larger shares of what
they perceive to be 'their' tax funds, which
are committed to international agricultural
research. They are amenable to partnerships
with the CGIAR as well as with national
research institutions. But to increase their
share of the available funds, they are forming
consortia such as the European Consortium
for Agricultural Research for the Tropics
(ECART) and the European Agricultural
Forum, which has joined the Global Forum
for Agricultural Research as a member along
side regional NARS organisations. These steps
will give donor country research institutes
more influence on the priorities and dispo
sition of resources that are allocated to inter
national agricultural research.
Private sector for-profit research
Private sector research will be increasingly
important as more developing countries liber
alise their economies. This will be especially
true of research on industrial systems of pro
duction and animal health products. The
animal health industry is expected to grow at
4 to 6% per year up to 201 0 with focus on
epidemic diseases, sustainability of prophy
lactic and routine chemotherapy, quality
control throughout the food chain, and food
safety. But it will neglect other serious
livestock health problems of developing coun
tries, because the beneficiaries' weak capacity
to pay means that the commercial firms will
not be able to recover their research and
development costs. This will lead to the neglect
of endemic parasitic, tickborne and contagious
diseases that adversely affect the incomes of
smallholders and increase the risks of trans
mitting disease across boundaries.
Not-for-profit non-governmental
organisations
Over the past 20 years, non-governmental
organisations have positioned themselves
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alongside national research and extension
agencies in developing countries. As govern
ments disengage from providing services to
farmers, they will become increasingly im
portant in delivering research products to
smallholders. Thus their collaboration in
research will be important to ensure that the
essential dialogue between researchers and
livestock keepers is maintained. They will
need to be encouraged to engage in adaptive
research to make sure that the packages they
extend to the smallholders are appropriate.
Investors
Since ILRI was established in 1995, investors
in agricultural research for development
have reduced unrestricted funding to re
search institutions in their own countries,
NARS and international centres in favour of
competitive project funding. This has
increased the centres' difficulty of matching
programme priorities with available funding.
It requires careful formulation of projects and
increased efforts in raising investor awareness
of research purposes and achievements. It
has also fundamentally changed the nature
of relationships between the alternative
research providers. On the one hand, the
investors are encouraging collaboration to
increase cost effectiveness and impact. On
the other, as noted, the potential collabo
rators are now also competitors who are able
to appeal more directly to government
decision-makers and constituencies. In these
circumstances, it is imperative that ILRI's
strategy for research and capacity building
demonstrates that it contributes efficiently to
the overall impact and cost effectiveness of
collaborative international research projects
for livestock development. ILRI must be
perceived as an ally rather than a competitor.
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6 Defining ILRI's role and programme
As a centre in the CGIAR system, ILRI's role
and programme are consistent with the
system's overall goals and priorities and with
the more specific views of the CGIAR Tech
nical Advisory Committee, which makes
recommendations and reports to members on
the content and quality of the centres' pro
grammes. ILRI's strategy for the new millen
nium is therefore influenced by the reports of
the Third CGIAR System Review (1 998) and
the ILRI's First External Programme and
Management Review (1 999). Both these
reports assessed global changes in agriculture
and drew conclusions as to how interna
tional agricultural research should respond.
Key conclusions from the Third CGIAR
System Review
The report of the Third CGIAR System
Review, completed in 1998, assessed the
emerging major advances in science and in
information and communications techn
ologies. It concluded that they opened signi
ficant opportunities for attacking poverty,
food insecurity and environmental degrada
tion in developing countries. The review
panel believed that the CGIAR was well
placed to address such issues through what it
termed the 'twin pillars' of improving produc
tivity and managing natural resources. Doing
so would, however, require dealing with a
complex and challenging set of issues related
to the revolution in biotechnology and ge
netics, coupled with the simultaneous revo
lution in information and communications
technologies.
The panel noted that the gene revolution
permits manipulation of the genetic basis of
living organisms as well as the ability to use
this understanding to develop new processes
and products for agriculture, the environ
ment, and human and animal health. How
ever, special measures will have to be taken
to ensure that they contribute positively to
the food security of the poor, because ad
vances in this area depend primarily on
enormous private sector investment that will
be increasingly protected by intellectual
property rights. This challenges the CGIAR to
establish public-private partnerships that will
bring the benefits of this research to the poor.
It will also be necessary to address environ
mental and safety issues as well as potential
social impacts of these technologies.
The panel noted that emerging natural
resource management methods are moving
agricultural sciences from 'classical agro
nomy to ecological sciences; from analytical
research to systems dynamics; from top-
down to participatory approaches; and from
factor-oriented management to integrated
natural resource management' and that the
move requires both technical and policy
innovations. It recommended that the CGIAR
increase its capacity for integrated natural re
source management work by using its unique
network of research sites around the devel
oping world and the advantages of being
international, especially where natural resource
management problems cross national boun
daries. The advances in synergies between
traditional farming and modern methods are
significant. They must be exploited to ensure
that productivity gains do not carry adverse
environmental impact along with them.
The panel found that inadequate public
policies held back agricultural progress in
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critical areas such as land reform, conser
vation and sustainable use of natural re
sources, rural infrastructure development,
and producer-oriented marketing oppor
tunities. It recommended that the lARCs
strengthen NARS capacity to research and
formulate policy in countries where inappro
priate public policies prevent narrowing the
gap between potential and actual agricultural
productivity. This strengthening should cover
economic policies as well as environmental,
science and technology research policies.
The panel noted that the revolution taking
place in information and communications
technologies presents a major opportunity to
bring scientific knowledge and indigenous
and local knowledge together to bear on
global challenges, and to make this knowl
edge widely available. It recommended that
the CGIAR be at the forefront of using these
technologies. The panel recommended that
the lARCs form partnerships with NARS,
advanced research institutions, NGOs, the
private sector, FAO, the World Bank and
other organisations to develop an effective
global information and communications
system for food security, through the World
Wide Web. This is to make both traditional
and new science research and technology
accessible as free goods to scientists, NGOs
and farmers worldwide.
The recommendation for extended part
nerships should include the private sector. Its
heavy investment in biotechnology and
genetic engineering, both in promoting re
search output and bringing about its impact,
touches on most fields of CGIAR's endeavour.
However, NARS should remain the core part
ners. The panel recognised that the weakness
of many NARS who are trying to adapt re
search outputs to local circumstances militates
heavily against CGIAR impact. This is an
increasing concern because of the growing
complexity of research questions; NARS,
therefore, need to build research capacity,
particularly with respect to policy making.
Where NARS are strong, the panel recom
mended that centres collaborate in strategic
research and encourage NARS to look inter
nationally and engage in South-South trans
fers. The CGIAR should also play a lead role
in organising, and if necessary producing, a
large menu of Web-based, highly interactive
distance education and training courses. The
panel also recommended that national and
consultative processes for research and
development be emphasised, complemen
tary to the efforts of regional and subregional
organisations.
In reviewing global food production and
availability, the panel identified several cri
tical areas of food insecurity, especially in
South Asia and Latin America. However,
Africa required a special response because
progress in improving food production in
several parts of the continent had been inad
equate, in spite of the availability of exten
sive research know-how and national, bila
teral and international development efforts.
According to available estimates, one-third
of the population of sub-Saharan Africa will
be without food security in 201 0. This, taken
with the high percentage of Africans living
below the poverty line, indicates a major
challenge.
In the panel's view, a 'more of the same'
approach to research in sub-Saharan Africa
would not make much difference to the
present situation, even if a large amount of
new resources were deployed. Many pro
duction remedies are already known. In the
panel's view, a concerted drive is needed to
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stimulate accelerated agricultural progress.
With this assessment in mind, the panel
recommended that Africa be accorded
special priority. Initiatives would include
establishing an intercentre capacity-building
initiative; promoting national and subre-
gional consultative processes for agricultural
research and development; strengthening
co-operative projects with African scientists
and policy makers; promoting two-way
learning between scientists and agricultural
communities; recognising the importance of
urban and peri-urban agriculture in address
ing Africa's food needs; and building co-ope
ration among African NARS and strong NARS
from other regions. These initiatives must be
complementary to the efforts of subregional
organisations and bilateral and other multi
lateral institutions. Wherever possible, they
should take place in collaboration with the
broadly based organisations.
In summary, the panel stated:
Despite the great advances that have been
made, food security for all remains elusive.
The yield gap and the food gap in many parts
of the world both have to be closed. Agri
culture has to be ecologically and socially
sustainable. Natural resource management
requires urgent efforts. Thus, the global food
security situation will be even more challeng
ing in the new millennium than it was in the
1970s. And the rapid commercialisation of
science threatens a diminution of the pro
duction ofpublic goods in the broad area of
agricultural research and development; a
diminution that will hit the poor and hungry
hardest. Through its scientific research,
capacity building and knowledge dissemi
nation, the CGIAR has a critical leadership
role to play in the world of the 2 1st century
(CGIAR 1998).
Key conclusions from ILRl's First External
Management and Programme Review
The First External Programme and Manage
ment Review of ILRI was conducted in
1998-99, at a critical point in the institute's
evolving identity, four and a half years after it
was established. The panel's report sets out
its assessment of the position and role ILRI
plays in responding to the rapid changes in
global livestock demand, production and
trade, and it makes suggestions for ILRl's
research and research-related agenda. Key
conclusions follow.
Animal genetics and genomics
The area of animal genetics and genomics
should include characterising, conserving and
using animal genetic resources, and devel
oping disease- and parasite-resistant ruminants.
The panel endorsed ILRl's progress in esta
blishing itself as a leader in genomics research
on the livestock diseases that are important
in developing countries and the links it is
strengthening with key complementary insti
tutions. It encouraged ILRI to take leadership
within the System-wide Genetic Resources
Programme in identifying policy and stra
tegic research priorities to conserve and use
farm animal genetic resources. These priori
ties that the CGIAR will address should
enhance work that NARS, development
agencies and other partners have done.
Animal disease control
Animal disease control includes molecular
biology and immunology of parasitic disease.
The work leads towards developing subunit
vaccines. New diagnostic tools will help
evaluate different strategies for improving
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disease control. The panel recognised that
further research is warranted on developing
species-specific tests for trypanosomes that
can be used in both the vector and the host
and subsequently in analysing epidemics. It
recommended evaluating the future need for
diagnostic tests and whether effort should be
put into diagnosing other diseases of relevance
outside Africa. It recommended similar steps
towards developing tests to detect drug-
resistant trypanosomes. It recommended that
research on trypanosome control strategies
be extended to consider the relative impor
tance and likely impact of different control
methods and whether investment in trypa
nosome vaccine research is warranted. The
panel considered that ILRI's research in
epidemiology has appropriate goals and is
well focused and relevant.
System science, impact and policy analysis
Policy analysis encompasses increasing
returns to livestock research through systems
and policy analysis and impact assessment,
which should improve the focus of the
institute's biophysical and production systems
research and provide a firm base for deliver
ing outputs and generating impact.
Production systems and animal nutrition
The areas of production systems and nutrition
include improving nutrition and management
of livestock and improving feed supplies for
greater productivity and net economic
returns; characterising and conserving forage
genetic resources; and improving productivity
and sustainability of crop-livestock systems
in various regions, including those under
disease risk and smallholder dairy systems. In
this context, the panel expected that ILRI will
develop a position with respect to biological
research related to domestic animals other
than ruminants.
The panel advocated that in this research
ILRI will need to focus more closely on
market opportunities in line with the ongoing
protein food revolution in the tropical world.
But it did not advocate a particular com
modity focus for the institute, such as dairy;
rather, it urged ILRI to relate its research in
production systems more closely to natural
resource management and livestock market
opportunities.
International co-operation
Training, information, networks, institutional
partnership development and the Systemwide
Livestock Programme all come under inter
national co-operation. The panel commented
that the institute's decision to target its
training by closely linking its training efforts
to the needs of its NARS partners is a strategic
one. It should be maintained even if more
resources become available through the
African Capacity Building Initiative or from
other sources.
Collaborative research networks
The panel urged ILRI to ensure that the net
works with which it becomes involved are
on topics that tie in with the agenda of the
institute's core research. With that proviso,
the panel believed that association with
networks is an effective means of achieving
closer links with NARS.
ILRI's involvement in ecoregional research
The panel asked for a better definition of
how the institute's paradigm on ecoregional
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research will contribute to its research on
agro-ecological and transregional issues.
Ecoregional research will then provide
valuable opportunities for intensifying
transregional-cum-global research in market-
oriented crop-livestock systems and will not
require a large outposting of staff.
General recommendations
The panel strongly endorsed the global
dimension of ILRI's mandate but noted a need
for the institute to promulgate a clear policy
on its approach to globalisation with criteria
confirming the strategic nature of the choices
of locations and systems when ILRI estab
lishes activities outside Africa.
The CGIAR Technical Advisory Committee
(TAC) strongly endorsed the panel's recom
mendations that ILRI give immediate attention
to revising its strategic plan, saying that it
needs an explicit priority-setting process—
one that will link clearly with resource
allocation. It agreed with the recommendation
that ILRI explore the question of whether
non-ruminants should be included in the
centre's work. And ILRI should determine if
its work with ruminants is relevant to
smallholder pigs and poultry. TAC considered
that research into a vaccine for trypano-
somosis had little chance of success and
urged ILRI to consider if further investment in
it is warranted.
ILRI's role and programme
The foregoing analysis indicates that the
primary focus for ILRI as a publicly funded
institute should be on increasing the
productivity of smallholder crop-livestock
systems. Its goal should be to alleviate
poverty and make food security sustainable.
Striving towards this goal will mean that
research must respond to demand, and it
must resolve the problems that are holding
back production. Only thus will it be able to
assure low-income rural and urban con
sumers that they will have affordable food.
ILRI should also contribute its share to the
targets set by its various host countries and
by investors at the World Food Summit.
ILRI should be concerned about the impact
livestock has on the environment wherever it
occurs—from mountains to rangelands and
from both rural and periurban production
and processing including large-scale industrial
enterprises. ILRI's research programme on
interactions between livestock and the en
vironment should be in line with Agenda 21
and international conventions on comba
ting desertification and climate change.
ILRI must be concerned with the impact
that animal agriculture has on the diversity of
farm animals, wildlife and forage species. It
must ensure that the objectives of the
convention on biodiversity are achieved.
ILRI alone cannot have great impact on
such enormous challenges. It must therefore
determine a few key areas in which it can
contribute effectively to the international
agenda for livestock research and capacity
building. In those key areas, ILRI will have to
determine where in the research continuum,
from discovery to delivery, it should apply its
limited resources. Analysing the compara
tive advantages of alternative suppliers and
the opportunities through partnerships or
strategic alliances will help determine this
point. Having determined the areas of
research with the highest priority and what it
can contribute in those areas, ILRI will need
to determine where it will be best to conduct
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the research and where best to build capacity.
Its determinations will depend on the severity
of the problem, the potential for impact, the
availability of partners and the local cost
effectiveness of the particular tasks. ILRI's
priorities, choice of partners and mode of
operation will be increasingly influenced by
the strategy and goals of subregional orga
nisations covering the locations in which
ILRI chooses to work.
Improving smallholder welfare and
enabling smallholders to contribute to the
demand for food in a sustainable and equi
table manner will require new knowledge,
innovative technologies and enabling
policies. ILRI is well placed to be a catalyst
for applying new science to enhance small
holder livestock production. It can apply
methods and techniques in genomics, mole
cular biology and animal health. It can use
support tools for carrying out spatial analysis,
monitoring the environment and making
environmental decisions. It can apply animal
models to human and environmental health.
It can collect and collate information, and it
can retrieve and disseminate technology and
knowledge systems. To position itself to be
able to apply the new techniques and me
thods to the emerging priorities for interna
tional livestock research, ILRI has developed
a radically new strategy appropriate to the
new millennium.
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7 Conclusion
In the eighties, 'donor fatigue' was rampant
and African development was perceived by
many as being a hopeless endeavour, just as
development of India had seemed two de
cades earlier. And livestock were the lowest
development priority because they were
deemed bad for both human health and the
environment, and livestock development
projects had been the most conspicuous
failures. In these circumstances, it was fortu
nate that ILCA and ILRAD were supported by
the CGIAR, which at that time received most
funding as unrestricted grants. The CGIAR
Secretariat allocated funding to the centres
more or less according to the proportions that
TAC decided; then the World Bank, as donor
of last resort, tried to make up shortfalls in
what the centres were apportioned.
As the era of unrestricted funding closed,
ILCA and ILRAD went into what some thought
was going to be terminal decline. Their fun
ding fell by 40% in just the three years at the
turn of the decade. The establishment of ILRI
with the assets of ILCA and ILRAD in 1 995
was in part intended to maintain one viable
centre that would cater for livestock globally.
But the perception of Africa and of livestock
was changing. TAC increased its
recommended budget share for livestock
from approximately 6 to 9%; the 1 998 System
Review of the CGIAR recommended a focus
on Africa; and the study of livestock to 2020
that IFPRI, FAO and ILRI sponsored in 1999
(Delgado and others 1999) radically altered
perceptions of the potential of livestock to
serve the poor.
Perceptions have changed, and investors
have become more savvy about the different
roles of livestock and livestock products in
developed and developing countries.
Research and development institutions are,
however, held back. Funding levels for
livestock research and development have not
yet been restored to their previous levels,
and relative to other commodities, livestock
continues to be underfunded. The case for
livestock research and development must be
made as strenuously as ever for it to gain a
greater share of the shrinking amount of
official development aid that is available and
to attract support from new sources.
Among the key messages:
• Livestock are able to convert non-human
edible feeds into high-value food with
readily absorbed essential micronutrients.
Thus, livestock development is critical for
opening up the opportunity for millions of
children to grow up healthy and to their
full physical and intellectual potential.
• Appropriate grazing by livestock and wild
life protects the carbon-sequestering grasses
and forages that cover over a quarter of
the world's land surface. This cover would
be destroyed by inappropriate crop pro
duction.
• With global warming, agriculture will move
up mountain elevations and onto steep
slopes with increasingly shallow soils. Only
livestock with their capacity to be produc
tive without disturbing the soil cover can
produce food and income without damag
ing water catchments at their source.
Water will be the world's most limiting
natural resource, and its catchments can
be endangered throughout their length by
increased flooding and sedimentation,
thereby imperilling water supplies.
• For the foreseeable future, smallholders in
succeeding generations will continue to
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subdivide their holdings as siblings inherit
the land. To survive, and especially to give
these smallholders hope of breaking out of
the poverty cycle, they will turn to lives
tock that can turn crop by-products,
household scraps and off-farm inputs into
cash and capital assets.
The growing demand for livestock products
is robust, and production will increase to
respond to this demand. Unlike the Green
Revolution, demand will drive this next food
revolution, not technology. This situation
raises a number of questions:
• Will the increased outputs continue to
come from expanding industrial units, and
will financial incentives overwhelm equity
and environmental concerns?
• Will the livestock industry be captured by
a few with access to capital and large-
scale technology?
• Will the industry concentrate in a few
large-scale units that can take advantage of
hidden subsidies such as preferential access
to roads, power, water and electronic
communications?
• Will the industry disregard the capacity of
the environment to produce the inputs and
especially to absorb the waste products,
and does it assume that the public will
continue to accept the associated aesthetic,
health and economic costs?
• What role will genetic modification—
both extolled and reviled—play in the
food revolution and in helping feed the
world's expanding population?
The answers to these questions will depend
on how effective international public goods
research will be in developing technologies
and enabling policies that will retain and build
the competitive capacity of smallholder and
pastoral livestock owners so that they can take
advantage of the opportunities that the de
mand for livestock products will create. If the
required innovations are not forthcoming, the
industry will be increasingly polarised. Large-
scale industry will capture the benefits and
the smallholders will bear the consequences
of inappropriate intensification. The effects
for the world at large can appear in ways such
as the devastating outbreaks of zoonotics.
Science is offering more possibilities than
ever for improving the livelihoods of resource-
poor mixed crop-livestock farmers and
pastoralists, and at a time when their need is
greater than ever before. Many technological
breakthroughs are being applied in research
for development. These breakthroughs are in
models that use interactive GIS databases,
spatial analysis, biological, environmental
and socio-economic models, and of course
the much-heralded advances in genomics.
They must be applied to improve the liveli
hoods of the majority of the world's poor,
who are smallholders, to feed the 8 billion
people who will inhabit this planet by 2020.
The consequences of not doing that and
permitting poverty, hunger and environmental
degradation to expand will be hazardous for
everyone around the world. It must not be
allowed to happen. Livestock research and
development is key to ensuring that it does
not and that the adverse cycles in smallholder
and pastoral systems are reversed so that the
new millennium will witness the end of rural
poverty.
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